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FIG.7
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ELECTROCATALYST AND METHOD OF
MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electrocatalyst and a
method of manufacturing the same. More specifically, the
present invention relates to an electrocatalyst prepared by a
step of forming a reversed micellar solution which dissolves
a catalyst component 1n micelles, a step of obtaining noble
metal particles or complex metal particles by adding a
reducing agent to the reversed micellar solution, and a step
of loading the metal particles on a conductive support by
mixing the conductive support into the reversed micellar
solution.

2. Description of the Related Art

A hydrogen-oxygen fuel cell 1s classified into a variety of
types 1n accordance with types of electrolytes, types of
clectrodes and the like. As typical fuel cells, there are ones
of an alkaline type, a phosphoric acid type, a molten
carbonate type, a solid electrolyte type, and a solid polymer
type. Among them, the solid polymer fuel cell operatable at
low temperature (usually, 100° C. or less) has gained atten-
tion, and 1n recent years, has been developed and put into
practical use as a low-pollution power source for a vehicle.

As an electrocatalyst usable for such a fuel cell, there 1s
one 1n which catalyst particles are loaded on carbon par-
ticles. Meanwhile, 1n order that such catalyst-loaded carbon
particles may be far more widely used as the electrocatalyst
of the fuel cell, 1t 1s necessary to minimize a usage amount
of the catalyst by enhancing a utilization of the catalyst
without lowering activity thereot, and to reduce a manufac-
turing cost of the catalyst by simplifying a manufacturing,
method thereof.

Heretofore, platinum-loaded carbon has been used in
many fuel cells. In general, a method of manufacturing the
platinum-loaded carbon 1s that a carbon support 1s added to
a solution of chloroplatinic acid, a reducing agent 1s added
to the precipitate to reduce the solution to platinum particles,
and the platinum particles are adsorbed on the carbon
support (refer to Japanese Patent Application Laid-Open No.
H9-167622).

Meanwhile, in an oxygen reduction electrode for use in
the fuel cell, oxygen reduction overvoltage 1s large, which 1s
a main cause to lower efliciency of the fuel cell. For the
clectrocatalyst, noble metal such as platinum (Pt) and ruthe-
nium (Ru) 1s used as a reaction catalyst for protons and
oxygen. However, 1n such an electrocatalyst composed only
of the noble metal, oxygen reduction activity 1s msuthicient
in some cases, and an oxygen reduction electrocatalyst that
1s high activity 1s required. An alloy or mtermetallic com-
pound of the noble metal, particularly Pt, and a base metal
1s known to exhibit an oxygen reduction activity higher than
the electrocatalyst only of Pt, and 1t has also been proposed
to use such a Pt-based alloy catalyst as the electrocatalyst for

the fuel cell (refer to Japanese Patent Application Laid-Open
No. S62-163746).

SUMMARY OF THE INVENTION

However, some reports tell that, 1in the electrode for the
tuel cell, which 1s fabricated by the conventional manufac-
turing method, the utilization of the platinum in the catalyst
1s 1n the level of 10%. It 1s assumed that many catalysts do
not contribute to the reaction (E. A. Ticianelli, J. Electroanal.

Chem., 251, 275 (1988)).
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The present mvention has been created 1n order to solve
such problems as described above. It 1s an object of the
present invention to provide an electrocatalyst for a fuel cell,
which remarkably improves a catalyst utilization to enhance
performance of the fuel cell. It 1s another object of the
present mvention to provide a method for manufacturing
catalyst-loaded carbon by a manufacturing method simpler
than a conventional one.

The first aspect of the present invention provides an
clectrocatalyst comprising: a conductive support which
loads a noble metal thereon, wherein the noble metal 1s
formed by adding a reducing agent for an 10n of the noble
metal to a reversed micellar solution containing an aqueous
solution of the noble metal 10n, and the noble metal 1s loaded
with a mean particle diameter ranging from 1 to 10 nm.

The second aspect of the present mvention provides a
method of manufacturing an electrocatalyst comprising:
preparing a reversed micellar solution containing an aqueous
solution of a noble metal 10on; reducing the noble metal 1on
to a noble metal by adding a reducing agent to the reversed
micellar solution; and adding a conductive support to the
reversed micellar solution.

The third aspect of the present invention provides a
method of manufacturing an electrocatalyst comprising:
preparing a first reversed micellar solution containing an
aqueous solution of a noble metal 10n; reducing the noble
metal 10on to a noble metal by adding a reducing agent to the
first reversed micellar solution; preparing a second reversed
micellar solution containing an aqueous solution of a tran-
sition metal 10n; preparing a transition metal from the
transition metal 1on by adding a precipitant to the second
reversed micellar solution; and loading a complex metal
particle composed of the noble metal and the transition
metal on a conductive support.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention will now be described with reference to the
accompanying drawings wherein;

FIG. 1 1s a schematic view showing an electrocatalyst of
a fuel cell, which 1s fabricated by a conventional method;

FIG. 2 1s a schematic view for explamning a reversed
micellar solution;

FIG. 3 1s a view for explaining a reaction in which noble
metal particles are generated 1n a micelle;

FIG. 4 1s a view showing a reaction 1n which a complex
metal particle 1s generated from a reversed micellar solution
containing a noble metal 10on solution and from a reversed
micellar solution containing a transition metal 10n solution;

FIGS. SA and 3B are views showing a mode 1n which the
reversed micellar solution 1s attached onto a carbon support;

FIG. 6 1s a schematic view showing a mode 1n which the
reversed micellar solution cannot enter fine pores;

FIG. 7 1s a flowchart of a method of manufacturing the
clectrocatalyst of the present mnvention;

FIGS. 8, 9 and 10 are views showing another reaction 1n
which the complex metal particle 1s generated from the
reversed micellar solution containing the noble metal 10n
solution and from the reversed micellar solution containing,
the transition metal 10n solution; and

FIGS. 11A and 11B are tables showing configurations of
examples and comparative examples and measurement
results thereof.
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DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

(L]

Hereinafter, description will be made of embodiments of
the present invention with reference to the drawings.

An electrocatalyst of the present invention 1s an electro-
catalyst composed by loading noble metal with a mean
particle diameter of 1 to 10 nm on a surface of a conductive
support. The noble metal 1s formed by adding a reducing
agent for reducing noble metal 10ns to a reversed micellar
solution containing an aqueous solution of the noble metal
ions 1n a micelle.

In an electrode for a fuel cell, which 1s fabricated by a
conventional method, a utilization of platinum 1n the elec-
trocatalyst has been low. A reason for this 1s not clear, but
carbon black to be used as an electrocatalyst support 1s one
in which primary carbon particles with a diameter of
approximately 10 to 50 nm form an aggregate structure, and
turther coagulates to form an agglomerate structure, and the
carbon black has many nanometer-order fine pores in the
agglomerate structure. It 1s concerved that, in the conven-
tional catalyst loading method, many of catalyst particles
with a diameter of 2 to 4 nm are loaded 1n such fine pores,
resulting in the lowering of the utilization of the platinum in
the catalyst.

FIG. 1 shows a contact state of a surface of catalyst
particles-loaded carbon and a solid polymer electrolyte
(ilonomer) 1n a catalyst layer of a fuel cell electrode fabri-
cated by the conventional method. In general, 1n a 1onomer
solution for use 1n fabricating the electrode for the fuel cell,
the 1onomer 1s not completely dissolved 1 a solvent, but
ionomer 1s dispersed 1n a colloidal state into the solution. In
this case, a size and mode of presence of the 1onomer are
different depending on a type of the solvent and concentra-
tion of the 1onomer. As shown in FIG. 1, when the size of the
ionomer 32 1n the solution 1s larger than a pore diameter of
a carbon support 31, the 1onomer 32 cannot enter the fine
pores. Accordingly, though the catalyst particles are present
in the fine pores 35 of the carbon support 31, a three-phase
boundary that 1s a structure effective in an electrochemical
reaction 1s not formed. Specifically, catalyst particles used in
the electrochemical reaction are only catalyst particles 33 in
contact with the 1onomer 32, and catalyst particles 34 that
are not 1n contact with the ionomer 32 are not used for the
electrochemical reaction. Therefore, in the conventional
clectrode for the fuel cell, the utilization of the catalyst 1s
lowered, and thus a high activity electrode cannot be
obtained.

In order to enhance the utilization of the catalyst to
improve reaction efliciency thereof, there 1s a method of
utilizing a carbon support that does not have the small fine
pores allowing the 1onomer to enter the same. However, a
specific surface area of such a carbon support 1s small, and
accordingly, when a loaded amount of the catalyst 1is
increased, the catalyst particles overlap one another to lower
dispersibility thereotf, and high activity cannot be obtained.
Moreover, there 1s also a method of, istead of mixing the
ionomer to the electrode, using an ionomer having proton
conductivity. However, unless the ionomer enters the fine
pores of the carbon support, the utilization of the catalyst
cannot be enhanced. Furthermore, a method of reducing the
size of the 1onomer so that the i1onomer can enter the
nanometer-order fine pores 1s conceived. However, limita-
tions are imposed on a polymerization degree of the 1onomer
for use, the solvent, and concentrations of 1onomer. There-
fore, even by such methods, the size of the i1onomer cannot
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4

be reduced sufliciently enough to allow the 1onomer to freely
enter the nanometer-order carbon fine particles.

However, according to the present invention, use of a
reversed micelle method makes it possible to adjust a size of
metal particles precipitated, thus making 1t possible to
prepare catalyst particles made more finely. In addition, use
of a reversed micellar solution makes 1t possible to load the
catalyst particles on a surface of the support at an approxi-
mately equal interval.

The “reversed micellar solution” for use 1n the present
invention will be described 1n detail. As shown 1n FIG. 2, the
“reversed micellar solution™ 1s a solution composed of an
organic solvent 41, an aqueous solution 43 containing noble
metal 1ons and the like, and amphiphiles 46 such as a
surfactant. In the reversed micellar solution 40, the aqueous
solution 43 and the amphiphiles 46 aggregate in the organic
solvent 41 to form a micelle 42, and in the micelle 42, the
aqueous solution 43 1s present. In each of the amphiphiles
46, a hydrophobic group 44 1s oriented, 1n an organic solvent
phase, toward the outside, that 1s, an organic solvent phase
side, and a hydrophilic group 45 1s oriented to the inside, that
1s an aqueous solution phase side. An orientation of the
hydrophobic group 44 and the hydrophilic group 435 1s
reversed to that in the case of an aqueous solvent, and
accordingly, this solution 1s called the reversed micellar
solution. Such a reversed micellar solution can be prepared
by adding an aqueous solution to a solution in which the
amphiphiles are dissolved into the organic solvent and
agitating the obtained solution. A portion in which the
hydrophilic groups aggregate has a capability of holding
polar molecules such as those of water. The aqueous solution
concerned 1s turned into extremely small droplets with a
diameter of several nanometers to several ten nanometers,
and stably dispersed into the organic solvent. A size of the
droplets can be controlled by a molar ratio of the ijected
water and the surfactant.

When a reducing agent which reduces the noble metal
ions 1s added to the reversed micellar solution 40 containing
the noble metal 10n solution 43 1n the micelle 42, the noble
metal 1ons are reduced to noble metal 1n the micelle 42, and
turned 1nto a colloidal noble metal particle 47. The reducing
agent may be added as an aqueous solution, or may be added
as the reversed micellar solution contaiming the reducing
agent 1n the micelle. This will be described specifically with
reference to FIG. 3. FIG. 3 shows a case of adding the
reducing agent as the reversed micellar solution. First, a
surfactant 2 1s mixed to the organic solvent, and the noble
metal 10n solution 1s added to the mixture. Then, a micelle
5 having hydrophilic groups 3 in the 1nside and hydrophobic
groups 4 on the outside 1s formed, and the noble metal 10n
solution 1s contained in the micelle 5 (reversed micellar
solution A). When a reducing agent solution 1s used instead
of the noble metal 1on solution, a micelle 6 containing the
reducing agent solution therein 1s prepared (reversed micel-
lar solution B). When these reversed micellar solutions A
and B are mixed together, the reversed micelles are coupled
to each other, and a reduction reaction proceeds 1n a micelle
7 (reversed micellar solution C). Furthermore, when a
reduced particle 7a 1s matured, a micelle 8 contaiming
colloidal noble metal controlled by a size of the micelle can
be obtained (reversed micellar solution D). Note that two
types or more of the noble metal 10ns may be contained in
the noble metal 10n solution 1n the micelle 5. The 1nside of
the micelle 1s excellent 1n dispersibility, and there, ultra-fine
noble metal particles 8a having an extremely uniform com-
position even 1n the case where the two types or more of
noble metal 1ons are contained therein 1s obtained.
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The noble metal 10n 1n the present invention 1s an 10on of
at least one noble metal selected from the group consisting
of platinum (Pt), palladium (Pd), rhodium (Rh), osmium
(Os), ruthentum (Ru) and iridium (Ir). Among them, 1t 1s
preferable to use platinum and palladium. This 1s because
these metals are excellent 1n catalyst activity when these are
used for the electrocatalyst.

In the present invention, the reducing agent is one capable
of converting the noble metal 1ons 1n the micelle into the
noble metal particles, and can be selected approprately
according to the noble metal for use. As the reducing agent,
hydrogen, hydrazine, sodium tetrahydroborate and the like,
which react with the noble metal to generate the noble metal
particle 1n the micelle, can be given.

The mean particle diameter of the noble metal loaded on
the electrocatalyst of the present invention 1s within a range
from 1 to 10 nm, and preferably, 2 to 5 nm. If the mean
particle diameter 1s within this range, a surface area sufli-
cient for the catalyst activity can be ensured, and an amount
ol active catalyst per unit mass of the noble metal can be
increased. Note that the mean particle diameter of the
catalyst metal 1n the present invention can be calculated by
a mean value of crystallite diameters obtained from half
widths of diffraction peaks of the catalyst metal in X-ray
diffraction and by a mean value of particle diameters of the
catalyst metal, which are measured by a transmission elec-
tron microscope.

It 1s preferable that the conductive support be carbon
particles with a BET specific surface area ranging from 80
m~/g to 2000 m*/g. For graphitized carbon particles, ones
with a BET specific surface area ranging from 80 m~/g to
600 m~/g are preferable. For ungraphitized carbon particles,
ones with a BET specific surface area ranging from 250 m*/g
to 1600 m*/g are preferable. If the BET specific surface areas
are 1n the above-described ranges, the catalyst component
can be highly dispersed on the carbon support. Moreover,
the carbon particles are highly dispersed in the organic
solvent, and accordingly, the micelle can be easily attached
onto the surface of each carbon particle 1n the reversed
micellar solution, which 1s also advantageous.

The electrocatalyst of the present invention may be one in
which, besides the above-described noble metal particles,
transition metal particles are further loaded on the conduc-
tive support. Use of complex metal of the noble metal and
transition metal makes 1t possible to further improve the
catalyst activity. Particularly, the use of the transition metal
1s advantageous 1n a point ol improvement of mass activity
(activity of noble metal per unit weight).

A method of manufacturing complex metal particles com-
posed of the noble metal and the transition metal, which are
loaded on the conductive support; will be described in detail
with reference to FIG. 4. In FIG. 4, (A) indicates a reversed
micellar solution containing a noble metal 10n solution 1n the
micelle, and (E) indicates a reversed micellar solution con-
taining a transition metal 1on solution 1n the micelle. When
the reversed micellar solutions A and E are mixed together,
micelles 5 and 9 are coupled to each other, and a micelle 10
in a state where the noble metal 10n and the transition metal
1ion are uniformly present can be obtained (reversed micellar
solution F). To the reversed micellar solution F, the reversed
micellar solution B containing the reducing agent solution in
the micelle 6 1s added. Then, the micelles 6 and 10 are
coupled to each other to create a micelle 11. A reduction
reaction proceeds in the micelle 11 (reversed micellar solu-
tion ). Furthermore, when reduced particles 1la are
matured, a micelle 12 containing noble metal particles 124
can be obtamned (reversed micellar solution H). To the
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micelle 12, a reversed micellar solution I containing an
aqueous solution of a precipitant in a micelle 13 1s added.
Then, the micelles 12 and 13 are coupled to each other to
create a micelle 14. In the micelle 14, a precipitation reaction
proceeds. Furthermore, when a precipitate 1s matured, the
micelle 14 containing a complex metal particle 14a of the
noble metal particle and transition metal particle, which are
controlled by the sizes of the micelle, can be obtained
(reversed micellar solution J). According to the method
concerned, even in the case of the complex metal particle of
the noble metal and transition metal, the mean particle
diameter can be controlled within a range of 1 to 10 nm, and
preferably, 2 to 7 nm, and thus, an electrocatalyst including
complex metal particles dispersed uniformly on the surface
of the support can be obtained.

Note that 1t 1s not necessary to add the reducing agent and
the precipitant in the form of the reversed micellar solutions

as shown 1n FIG. 4, and aqueous solutions thereol may be
directly added.

As the transition metal for use in the electrocatalyst of the
present invention, 1t 1s preferable to use at least one selected
from the group consisting of vanadium (V), chromium (Cr),
manganese (Mn), 1iron (Fe), cobalt (Co), nickel (IN1), copper
(Cu) and zinc (Zn). Aqueous sulfate solutions, aqueous
ammonium salt solutions and aqueous halogenated com-
pound solutions of these are usable.

In the present invention, the precipitant implies one
capable of converting the transition metal 10ons 1n the micelle
into the precipitate, and can be selected appropriately 1n
accordance with the transition metal to be used. As the
precipitant, ammonia, aqueous ammonium salt, tetramethy-
lammonium hydroxide, aqueous solution of alkaline and
alkaline-earth metal compounds, and the like, which react
with the transition metal 1on and generate the precipitate in
the micelle, are usable.

In the present invention, while the noble metal 1on-
containing solution is the reversed micellar solution, the size
of the micelle can be adjusted according to the types and
added amounts of the solvents and surfactants to be used.
When the reversed micellar solution with a diameter of the
micelle set 1n a range from 20 to 100 nm 1s added with the
carbon support as, as shown 1n FIG. 5A, the micelles 8 (14)
are attached uniformly onto the surface of the carbon
support 31 concerned. When the support 31 1s calcinated, as
shown 1n FIG. 5B, an electrocatalyst can be obtained, 1in
which the metal particles 8a (14a) are loaded uniformly on
the surface of the support 31 at an interval S of 10 to 50 nm
between the metal particles 8a (14a) adjacent to one another.
In the conventional method, platinum and a platinum alloy
have coagulated, making 1t difficult to control the particle
diameter and a particle distribution. According to the present
invention, it 1s possible to control such diameter and distri-
bution extremely simply and securely.

Moreover, when the preparation 1s performed 1n such a
manner, as shown 1n FIG. 6, the micelles 8 (14) cannot enter
the fine pores 35, of which opening diameter 1s less than 10
nm. Therefore, the metal particles 8a (14a) are highly
dispersed only on the surface of the support 31, thus
improving the eflective utilization of the metal particles.
Heretolore, the particles in the fine pores of the support have
been inferior 1n a contact state with the electrolyte, bringing
a lowering of the property of the three-phase boundary.
According to the present invention, a ratio of an amount of
the noble metal loaded on the surface of the support to an
amount of the noble metal loaded 1n the pores of the support
becomes 2:1 to 9:1. This shows that the ratio of the amount
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of the metal on the surface 1s increased as compared with a
conventional ratio that 1s 1:9 to 2:1.

Note that, 1n the electrocatalyst of the present invention,
a ratio of the amount of metal loaded on the conductive
support per electrocatalyst 1s within a range of 5 to 70% by
mass, and preferably, 10 to 50% by mass. Note that the
amount of metal implies a total amount of the noble metal
and the transition metal. If the ratio of the amount of metal
to the electrocatalyst 1s less than 5% by mass, suflicient
activity and durability cannot be obtained. Meanwhile, 11 the
ratio exceeds 70% by mass, the metal particles are dithcult
to disperse uniformly, and high dispersion loading of the
catalyst particles becomes diflicult.

The method of manufacturing the electrocatalyst of the
present invention will be described 1n far more detail.

The method of manufacturing the electrocatalyst of the
present 1mvention 1s characterized in that the sizes of the
noble metal particles and/or other metal particles are con-
trolled by use of the reversed micellar solution. Specifically,
onto the surface of the carbon support, the noble metal
particles and/or the other metal particles are uniformly
attached by use of the reversed micellar solution. Subse-
quently, the support 1s filtered, and then calcinated under an
atmosphere of nert gas, and thus the electrocatalyst 1n which
the catalyst activity 1s large 1s obtained. The method of
manufacturing the electrocatalyst of the present immvention
will be described with reference to FIG. 7.

In a preparation step S1 of the reversed micellar solution
A, the surfactant 1s added into the organic solvent, the noble
metal 1on solution 1s further added thereto, and the mixture
1s stirred. Thus, the reversed micellar solution A 1s prepared.
In a similar way, 1n a preparation step S2 of the reversed
micellar solution B, the aqueous solution of the reducing
agent which reduces the above-described noble metal 10ns to
the noble metal 1s added into the organic solvent mixed with
the surfactant. Thus, the reversed micellar solution B 1s
prepared.

Subsequently in a mixing step S3, the reversed micellar
solution B 1s added to the reversed micellar solution A, and
the mixture 1s stirred. Then, the reversed micellar solution C
containing a colloid of the noble metal 1n the reversed
micelles 1s generated. After the solution C 1s matured in a
maturing step S4, the precipitate 1s filtered and rinsed by
methods such as centrifugal separation, filtering and wash-
Ing/rising 1n a separation step S6. Furthermore, the precipi-
tate 1s dried 1n a drying step S6, followed by pulverization,
and thus a precursor of the electrocatalyst 1s obtained. Then,
the precursor 1s calcinated 1n a calcinating step S7. By the
above-described steps S1 to S7, the electrocatalyst of the
present invention can be obtained. Note that, as compared
with methods of calcinating metal salt and a certain kind of
organic salt, the above-described calcinating step can be
performed at low temperature. In addition, when the support
1s the carbon particles, 1t 1s preferable that the drying and the
calcinating be performed under an inert atmosphere such as
argon gas, nitrogen gas and the like so that oxidation of the
carbon cannot proceed.

Note that, as described above, 1n the present invention, the
micelle solution E containing the transition metal ion solu-
tion in the micelle 1s further mixed to the reversed micellar
solution A, and thus the electrocatalyst can also be manu-
tactured. In order to precipitate the metal 10ons contained 1n
the reversed micellar solution E, it i1s satisfactory if the
aqueous solution of the precipitant or the reversed micellar
solution of the precipitant solution 1s added thereto.

For the organic solvent usable for forming the reversed
micelle, a variety of solvents are usable. As examples of the
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organic solvent, there are cyclohexane, methylcyclohexane,
cycloheptane, heptanol, octanol, dodecyl alcohol, cetyl alco-
hol, 1-octane, n-heptane, n-hexane, n-decane, benzene, tolu-
ene, xylene, and the like. Moreover, for the purpose of
adjusting the size of the droplets 1n the reversed micellar
solution, alcohol and the like may be added. Two types or
more of the organic solvents may be used in combination as
well as a single type thereot 1s used. Moreover, the organic
solvent can be used for preparing both of the reversed
micellar solutions A and B. Furthermore, in the case of
supplying the reversed micellar solution as the reducing
agent and the precipitant, the organic solvent can be used
also for preparing these solutions. In this case, the organic
solvent for use 1 one reversed micellar solution and the
organic solvent for use in the other reversed micellar solu-
tion may be ones of either the same type or different types.

What can be given as the surfactant forming the reversed
micellar solution 1s polyoxyethylene nonylphenyl ether,
magnesium laurate, zinc caprate, zinc myristate, sodium
phenylstearate, aluminum dicaprylate, tetraisoamylammo-
nium thiocyanate, tri-n-butyl-n-octadecylammonmium for-
mate, n-amyltri-n-butylammonmium 1odide, sodium bis(2-
cthylhexyl)succinate, sodium dinonylnaphthalenesulifonate,
calcium cetylsulfate, dodecylamine oleate, dodecylamine
propionate, cetyltrimethylammonium bromide, stearyltrim-
cethylammonium bromide, cetyltrimethylammonium chlo-
ride, stearyltrimethylammonium chloride, dodecyltrimethy-
lammonium  bromide, octadecyltrimethylammonium
bromide, dodecyltrimethylammonium chloride, octadecylt-
rimethylammonium chloride, didodecyldimethylammonium
bromide, ditetradecyldimethylammonium bromide, ditet-
radecyldimethylammonmium chlonde, (2-octyloxy-1-octy-
loxymethyl)polyoxyethylene ethyl ether, and the like. The
surfactant can also be used for preparing both of the reversed
micellar solutions, and two types or more thereof can be
used in combination. Note that an added amount of the
surfactant to the organic solvent 1s 10 to 300 mass parts with
respect to 100 mass parts of the organic solvent. When the
added amount 1s lowered than 10 mass parts, 1t becomes
difficult to form the reversed micelle. Meanwhile, when the
added amount exceeds 300 mass parts, a rod-shaped micelle
1s formed, and 1t becomes diflicult to control the particle
diameter of the noble metal to a specific size.

As described above, the noble metal 1s at least one
selected from the group consisting of platinum, palladium,
rhodium, osmium, ruthenium and 1ridium. Supply sources of
the 1ons of these noble metals are not particularly limited,
and compounds containing these 1ons can be widely used. As
examples of such compounds, there can be given 1norganic
salts such as nitrate, sulfate, ammonium salt, amine, car-
bonate, bicarbonate, halide, and nitrite, carboxylate such as
formate and oxalate, hydroxide, alkoxide, oxide, and the
like, which are of the above-described noble metals. The
compounds can be selected appropriately 1n accordance with
types and pHs of solvents dissolving the compounds therein.
Among them, the nitrate, carbonate, oxide, hydroxide and
the like of the noble metals are preferable for industrial use.
Noble metal concentration 1n the aqueous solution contain-
ing the noble metal 1ons in the micelle 1s preferably 0.1 to
50% by mass, and more preferably, 0.5 to 20% by mass 1n
terms of metal.

Moreover, as described above, as the reducing agent,
there can be given hydrogen, hydrazine, sodium thiosuliate,
citric acid, sodium citrate, L-ascorbic acid, sodium borohy-
dride, formaldehyde, methanol, ethanol, ethylene, carbon
monoxide, and the like. One that can be prepared as an
aqueous solution, such as hydrazine, may be directly added
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to the reversed micellar solution while adjusting concentra-
tion thereof at 0.1 to 40% by mass, or a reversed micellar
solution may be prepared by use of the solution and added
to the reversed micellar solution A. When the solution has
the concentration of 0.1 to 40% by mass, even if the noble
metal 1ons are turned into the noble metal particle 1n the
micelle, the noble metal can be dispersed 1n a colloidal state
in the micelle. Note that a powder substance such as sodium

borohydride can be supplied as it 1s. A gaseous substance at
normal temperature such as hydrogen can also be supplied
by bubbling.

As the transition metal 10ns, as described above, at least
one or more transition metal 10ns selected from the group
consisting of the group of 1ons of vanadium, chromium,
manganese, iron, cobalt, nickel, copper and zinc are given.
As examples of substances which form these 1ons, there can
be given 1norganic salts such as nitrate, sulfate, ammonium
salt, amine, carbonate, bicarbonate, halide, and nitrite, car-
boxylate such as formate and oxalate, hydride, alkoxide,
oxide, and the like, which are of the above-described noble
metals. The compounds can be selected approprately in

accordance with types and pHs of solvents dissolving the
compounds therein.

As the precipitant, as described above, ammonia, ammo-
nia water, tetramethylammonium hydroxide and the like can
be given. With regard to the ammonia water, the tetram-
cthylammonium hydroxide or the like, an aqueous solution
thereol may be directly added to the reversed micellar
solution while adjusting concentration of the solution at 0.1
to 30% by mass, or a reversed micellar solution may be
prepared by use of the solution and added to the reversed
micellar solution. Note that, when the solution has the
concentration of 0.1 to 30% by mass, even if the transition
metal 10ns are turned 1nto the transition metal particles in the
micelle, the transition metal can be dispersed 1n a colloidal
state 1n the micelle.

As the conductive support usable 1n the present invention,
as described above, the carbon particles are preferable.
Particularly, carbon black particles with a BET specific
surface area ranging from 80 to 2000 m*/g, and preferably,
250 to 1600 m*/g, can be given. As long as the BET specific
surface area 1s within the above-described range, the carbon
black may be furnace black, lamp black, acetylene black,
channel black, thermal black, or the like. Moreover, ones
called carbon nanohorn, carbon nanotube, carbon fiber and
the like can also be used. Particularly, what 1s also preferably
usable 1s Kentjenblack with a BET specific surface area
Tanging from 700 to 1400 m*/g, Vulcan with a BET specific
surface area ranging from 200 to 600 m~/g, graphitized
Kentjenblack with a BET specific surface area ranging from
100 to 600 m*/g, which is partially graphitized at high
temperature, and graphitized Vulcan and graphitized furnace
black with BET specific surface areas ranging ifrom 80 to
200 m “/g. Furthermore, in order to uniformly disperse the
noble metal particles and to adjust, to a preferred state, a
contact state of the carbon surface loading the noble metal
particles thereon and the 1onomer, 1t 1s preferable that, with
regard to the particle diameter of the carbon particles, a size
of primary particles be 30 to 100 nm. However, the primary
particles may coagulate to form particles with a size of 0.1
to 1 um. Note that 1t 1s more preferable that the carbon
particles be one, in which attachments on the surface of the
support 1s cleaned by an alkaline solution such as a sodium
hydroxide solution, a potassium hydroxide solution and a
calcium hydroxide solution, and o1l attached and impurities
mixed 1n the manufacturing process 1s removed.
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When the reducing agent 1s added to the reversed micellar
solution A, the noble metal 10ons are turned into the noble
metal particles, and when the reversed micellar solution E 1s
added to the precipitant, the transition metal 1ons are turned
into the transition metal particles. Therefore, as an addition
order of the reversed micellar solution A, reversed micellar
solution E, reducing agent and precipitant, the following (1)
to (1v) can be given. (1) To the reversed micellar solution A,
the reducing agent or the reversed micellar solution B
containing the reducing agent 1s added, the reversed micellar
solution E 1s added to the mixture, and then, the precipitant
or the reversed micellar solution I containing the precipitant
1s added (refer to FIG. 8). (1) To a mixed solution of the
reversed micellar solution A and reversed micellar solution
E, the reducing agent or the reversed micellar solution B
containing the reducing agent 1s first added, and then, the
precipitant or the reversed micellar solution I containing the
precipitant 1s added (refer to FIG. 4). (111) To a mixe
solution of the reversed micellar solution A and reversed
micellar solution E, the precipitant or the reversed micellar
solution I containing the precipitant 1s first added, and then,
the reducing agent or the reversed micellar solution B
containing the reducing agent 1s added (refer to FIG. 9). (1v)
To the reversed micellar solution E, the precipitant or the
reversed micellar solution I containing the precipitant i1s
added, the reversed micellar solution A 1s added to the
mixture, and then, the reducing agent or the reversed micel-
lar solution B containing the reducing agent 1s further added.
In this case, when the conductive support 1s added to the
solutions obtained through the above-described steps (1) to
(1v), the complex metal particles composed of the noble
metal and the transition metal are attached onto the surface
of the support. Note that, in FIG. 9, (K) indicates a reversed
micellar solution containing a precipitated particle 154 and
the noble metal 10on solution 1 a micelle 15, and (L)
indicates a reversed micellar solution containing a transition
metal particle 16a¢ and the noble metal 10n solution in a
micelle 16. Moreover, in FIG. 10, (M) indicates a reversed
micellar solution containing a precipitated particle 174 1n a
micelle 17, and (N) indicates a reversed micellar solution
containing a transition metal particle 18a 1n a micelle 18.

However, the present invention 1s not limited to such
modes as described above, and the conductive support may
be added 1n any step prior to the described steps. Preferably,
the conductive support 1s added to the reversed micellar
solution A, both are mixed to form a uniform solution, and
the above-described solutions and the like are sequentially
added thereto. When the support 1s added to the reversed
micellar solution A, the micelles containing the noble metal
ion solution therein are uniformly attached onto the surface
of the support, and the reducing agent 1s added thereto in this
state. Accordingly, the noble metal particles can be loaded
on the surface of the support while dispersibility thereof
being maintained. As specific orders, the following (v) to
(vi1) can be given. (v) The conductive support 1s added to the
reversed micellar solution A, and thereatter, the reducing
agent or the reversed micellar solution B containing the
reducing agent 1s added. Then, the reversed micellar solution
B 1s added to the mixture, and subsequently, the precipitant
or the reversed micellar solution I containing the precipitant
1s added. (vi) The conductive support 1s added to the
reversed micellar solution A, and thereafter, the reversed
micellar solution E 1s added. Then, the reducing agent or the
reversed micellar solution B containing the reducing agent 1s
added to the mixture, and subsequently, the precipitant or the
reversed micellar solution I containing the precipitant i1s
added, (v11) The conductive support 1s added to the reversed
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micellar solution A, and thereafter, the reversed micellar
solution B 1s added. Then, the precipitant or the reversed
micellar solution I containing the precipitant 1s added to the
mixture, and subsequently, the reducing agent or the
reversed micellar solution B containing the reducing agent 1s
added. Moreover, after the support 1s added to the reversed
micellar solution A, alcohols such as methanol and ethanol
may be added thereto to break the micelles, thus making 1t
possible to accelerate the loading of the noble metal particles
onto the surface of the support.

Furthermore, a method may also be used, 1n which the
conductive support 1s added to the reversed micellar solution
E, both are mixed to form a uniform solution, and the
above-described solutions and the like are sequentially
added thereto. Specifically, the following method can be
grven. (vil) The conductive support 1s added to the reversed
micellar solution E, and thereafter, the precipitant or the
reversed micellar solution I contaiming the precipitant 1s
added. Then, the reversed micellar solution A 1s added to the
mixture, and subsequently, the reducing agent or the
reversed micellar solution B containing the reducing agent 1s
added.

In the present invention, after the metal particles are
attached onto the surface of the support, the support is
isolated from the solution, and the support 1s dried. As a
drying method, for example, spontaneous drying, evapora-
tion to dryness, drying by using a rotary evaporator, a spray
dryer and a drum dryer, and the like can be used. It is
satisfactory 1f a drying time 1s selected appropriately 1n
accordance with a method to be used. According to cases,
the support may be dried in the calcinating step without
performing the drying step. It 1s satisfactory 1f the calcinat-
ing subsequently performed 1s performed at a temperature of
600 to 1100° C. for 30 to 180 minutes under an inert gas
atmosphere.

Meanwhile, when the conductive support 1s the carbon
particles, as the calcinating step, 1t 1s preferable to perform
a step of performing the calcinating at 600 to 1100° C., and
preferably, 630 to 830° C. under the inert gas atmosphere,
tollowed by holding at 400 to 600° C., and pretferably 500
to 600° C. As mert gas, argon, nitrogen, helium and the like
are usable. In such a way, control can be performed so that
the oxidation of the carbon cannot proceed.

In the electrocatalyst of the present invention, the noble
metal particles with a mean particle diameter ranging from
1 to 10 nm can be highly dispersed on the surface of the
carbon support. Accordingly, the area of the active surface
eflective 1n the electrode reaction 1s increased, and the
catalyst 1s excellent 1n performance. Moreover, the metal
particles are loaded on the surface of the support with the
micelles interposed therebetween, and therefore, the interval
among the metal particles can be set to 10 to 100 nm, and
the contact efliciency of the catalyst particles and the 10no-
mer can be set in a suitable state. Thus, the catalyst 1s far
more excellent in performance.

The composition of the catalyst particle can be uniformed,
and accordingly, the coagulation of the particles, which 1s
accompanied with the alloying, 1s also restricted, and the
dispersion state can be suitably maintained. Therefore, even
alter being subjected to the calcinating step under the nert
gas atmosphere, the complex metal particles are loaded 1n a
highly dispersed state without coagulating or sintering.

Moreover, the catalyst particles loaded 1n the fine pores
with a diameter of 10 nm or less 1n the conductive catalyst
can be decreased to a great extent. Accordingly, the noble
metal particles and the complex metal particles, which are in
suflicient contact with the electrolyte, are increased, thus
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making 1t also possible to decrease a usage amount of the
noble metal to a great extent.

The electrocatalyst of the present invention 1s particularly
suitable as an air-electrocatalyst. The electrocatalyst of the
present invention accelerates growth of a Pt (111) crystal
surface by loading the noble metal particles or the complex
metal particles on the carbon particles in a highly dispersed
state. Accordingly, the electrocatalyst can obtain high oxy-
gen reduction activity.

In the conventional electrocatalyst, 1n a potential excited
state where a potential 1s 0.7V or more 1 a strong acid
clectrolyte, the catalyst metal 1s apt to coagulate because the
catalyst metal loaded on the surface of the support is
1solated, and a gap occurs locally 1n the catalyst layer.
Therefore, 1n some cases, the eflective catalyst area 1is
lowered, thus hindering the efliciency of the fuel cell. On the
contrary, the electrocatalyst of the present invention can be
adjusted to a particle diameter with which the catalyst 1s hard
to dissolve even under such an environment. Therefore, the
clectrocatalyst of the present invention 1s excellent also 1n
durability.

Furthermore, the method of manufacturing the electro-
catalyst according to the present invention accelerates the
crystal growth of the noble metal by means of the heat
treatment, and further, solidly solves the transition metal to
the noble metal, thus accelerating the alloying. Hence, a high
activity electrocatalyst can be obtained. Moreover, for the
method, 1t 1s easy to further include a step of oxidizing the
metal particles, and an electrocatalyst can be formed, in
which oxide films are formed on the surfaces of the noble
metal particles and complex metal particles.

The present invention will be specifically described below
based on examples. Note that the present invention 1s not
solely limited to these examples.

EXAMPLE 1

The reversed micellar solution A was prepared in the
following manner. As a surfactant, polyoxyethylene (5)
nonylphenyl ether of 44 g was used. To the surfactant,
cyclohexane was added to make up to 1.0 L (0.1 mol/L), and
was stirred. To a mixture thereol, a platinum chloride
solution of 13.2 g with a Pt concentration of 32% by mass
was added, and was stirred for an hour until becoming
transparent. Thus, the reversed micellar solution A was
prepared.

The reversed micellar solution B was prepared in the
following manner. As a surfactant, polyoxyethylene (5)
nonylphenyl ether of 44 g was used. To the surfactant,
cyclohexane was added to make up to 1.0 L (0.1 mol/L), and
was stirred. To a mixture thereof, a hydrazine solution of 15
ml with a concentration of 0.5% by mass was added, and
stirred for an hour. Thus, the reversed micellar solution B
was prepared.

Subsequently, to the reversed micellar solution A, the
reversed micellar solution B was mixed. Further, carbon
black (Ketjenblack EC600JD made by Ketjenblack Interna-
tional Corporation) of 4.2 g with a BET specific surface area
of 1270 m*/g was mixed thereto and stirred for an hour, and
was then stirred and matured for 24 hours.

Thereatter, centrifugal separation was performed for the
precipitate for six hours by use of a centrifugal machine
(CENTRIFUGEO3P-20B made by Hitachi, Ltd.). A precipi-
tate was filtered, followed by washing and rising using
cthanol and water. A solid material obtained was dried for 12
hours at 85° C. under decreased pressure, pulverized 1n a
mortar, and calcinated for five hours at 600° C. under an
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argon atmosphere. Thus, an electrocatalyst was obtained.
Note that the reversed micellar solutions 1n this example
were added 1n the order shown 1n FIG. 3. A mean particle
diameter of the noble metal and mass activity of the catalyst
in the electrocatalyst obtained 1s shown 1n FIG. 11A.

EXAMPLE 2

In a similar way to that of Example 1, the reversed
micellar solution A and the reversed micellar solution B
were prepared.

The reversed micellar solution E was prepared in the
following manner. As a surfactant, polyoxyethylene (5)
nonylphenyl ether of 44 g was used. To the surfactant,
cyclohexane was added to make up to 1.0 L (0.1 mol/L), and
was stirred. To a mixture thereof, a cobalt nitrate (Co(NO,),-
6H,0O) solution of 13.2 g with a cobalt nitrate concentration
of 16% by mass was added, and was stirred for an hour until
becoming transparent. Thus, the reversed micellar solution
B was obtained.

The reversed micellar solution I was prepared in the
following manner. As a surfactant, polyoxvethylene (5)
nonylphenyl ether of 44 g was used. To the surfactant,
cyclohexane was added to make up to 1.0 L (0.1 mol/L), and
was stirred. To a mixture thereof, an ammomnia solution of
13.2 ¢ with a concentration of 5% by mass was added, and
stirred for an hour. Thus, the reversed micellar solution I was
prepared.

To the reversed micellar solution A, the reversed micellar
solution B was mixed, and stirred for an hour. Thus, a
solution containing platinum particles 1n the reversed
micelles was obtained.

While agitating the mixed solution, the reversed micellar
solution B was further added thereto and stirred for an hour,
and then the reversed micellar solution I was added and
stirred for an hour. Thus, a solution containing platinum
particles and cobalt hydroxide 1n the reversed micelles was
obtained Furthermore, after agitating the solution for an
hour, carbon black (Ketjenblack EC600JD made by Ketjen-
black International Corporation) of 4.2 g with a BET specific
surface area of 1270 m*/g was mixed thereto and stirred for
an hour, and was then stirred and matured for 24 hours.

Thereafter, centrifugal separation was performed for the
precipitate for six hours by use of the centrifugal machine
(CENTRIFUGEO5P-20B made by Hitachi, Ltd.). A precipi-
tate was filtered, followed by washing and rising using
cthanol and water. A solid material obtained was dried for 12
hours at 85° C. under decreased pressure, pulverized 1n a
mortar, and calcinated for five hours at 930° C. under an
argon atmosphere, and further calcinated for five hours at
595° C. Thus, an electrocatalyst (Pt, ,-Co, ,-) was obtained.
Note that the reversed micellar solutions in this example
were added 1n the order shown in FIG. 8. A mean particle
diameter of the noble metal and mass activity of the catalyst
in the electrocatalyst obtained 1s shown 1n FIG. 11A.

EXAMPLE 3

In a similar way to those of Examples 1 and 2, the
reversed micellar solution A, the reversed micellar solution
B, the reversed micellar solution B and the reversed micellar
solution I were prepared.

To the reversed micellar solution A, the reversed micellar
solution I was mixed, and stirred for an hour.

While agitating the mixed solution, the reversed micellar
solution B was added thereto and stirred for an hour, and
then the reversed micellar solution I was further added and
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stirred for an hour. Thus, a solution contaiming platinum
particles and cobalt hydroxide 1n the reversed micelles was
obtained. Furthermore, carbon black (Ketjenblack EC600JD
made by Ketjenblack International Corporation) of 4.2 g
with a BET specific surface area of 1270 m*/g was mixed
thereto and stirred for an hour, and was then stirred and
matured for 24 hours.

Thereatter, centrifugal separation was performed for the
precipitate for six hours by use of the centrifugal machine
(CENTRIFUGEO3SP-20B made by Hitachi, Ltd.). A precipi-
tate was filtered, followed by washing and rising using
cthanol and water. A solid material obtained was dried for 12
hours at 85° C. under decreased pressure, pulverized 1n a
mortar, calcinated for five hours at 930° C. under an argon
atmosphere, and further calcinated for five hours at 595° C.
Thus, an electrocatalyst (Pt, ,-Co, ,s) was obtained. Note
that the reversed micellar solutions 1n this example were
added 1n the order shown 1n FI1G. 4. A mean particle diameter
of the noble metal and mass activity of the catalyst in the
clectrocatalyst obtained 1s shown 1n FIG. 11A.

EXAMPLE 4

In a similar way to those of Examples 1 and 2, the
reversed micellar solution A, the reversed micellar solution
B, the reversed micellar solution E and the reversed micellar
solution I were prepared.

To the reversed micellar solution A, the reversed micellar
solution E was mixed, and stirred for an hour.

While stirring the mixed solution, the reversed micellar
solution I was added thereto and stirred for an hour, and then
the reversed micellar solution B was further added and
stirred for an hour. Thus, a solution containing platinum
particles and cobalt hydroxide 1n the reversed micelles was
obtained. Furthermore, carbon black (Ketjenblack EC600JD
made by Ketjenblack International Corporation) of 4.2 ¢
with a BET specific surface area of 1270 m*/g was mixed
thereto and stirred for an hour, and was then stirred and
matured for 24 hours.

Thereatter, centrifugal separation was performed for the
precipitate for six hours by use of the centrifugal machine
(CENTRIFUGEO3SP-20B made by Hitachi, Ltd.). A precipi-
tate was filtered, followed by washing and rising using
cthanol and water. A solid material obtained was dried for 12
hours at 85° C. under decreased pressure, pulverized 1n a
mortar, calcinated for five hours at 930° C. under an argon
atmosphere, and further calcinated for five hours at 595° C.
Thus, an electrocatalyst (Pt, --Co, ,-) was obtained. Note
that the reversed micellar solutions 1n this example were
added 1n the order shown 1n FI1G. 9. A mean particle diameter
of the noble metal and mass activity of the catalyst in the
clectrocatalyst obtained 1s shown 1n FIG. 11A.

EXAMPLE 5

In a similar way to those of Examples 1 and 2, the
reversed micellar solution A, the reversed micellar solution
B, the reversed micellar solution E and the reversed micellar
solution I were prepared.

To the reversed micellar solution E, the reversed micellar
solution I was mixed, and stirred for an hour.

While agitating the mixed solution, the reversed micellar
solution A was added thereto and stirred for an hour, and
then the reversed micellar solution B was further added and
stirred for an hour. Thus, a solution containing platinum
particles and cobalt hydroxide 1n the reversed micelles was

obtained. Furthermore, carbon black (Ketjenblack EC600JD
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made by Ketjenblack International Corporation) of 4.2 g
with a BET specific surface area of 1270 m*/g was mixed
thereto and stirred for an hour, and was then stirred and
matured for 24 hours.

Thereafter, centrifugal separation was performed for the
precipitate for six hours by use of the centrifugal machine
(CENTRIFUGEO3P-20B made by Hitachi, Ltd.). A precipi-
tate was filtered, followed by washing and rising using
cthanol and water. A solid material obtained was dried for 12
hours at 85° C. under decreased pressure, pulverized 1n a
mortar, calcinated for five hours at 930° C. under an argon
atmosphere, and further calcinated for five hours at 595° C.
Thus, an electrocatalyst (Pt, --Cu, ,-) was obtained. Note
that the reversed micellar solutions 1n this example were
added in the order shown i FIG. 10. A mean particle
diameter of the noble metal and mass activity of the catalyst
in the electrocatalyst obtained 1s shown 1n FIG. 11A.

EXAMPLE 6

The reversed micellar solution E was obtained by adding,
a cobalt nitrate (Co(INO,),-6H,O) solution of 26.3 g with a
cobalt nitrate concentration of 16% by mass. Other than the
above, the reversed micellar solutions were prepared 1n a
similar way to that of Example 2. Thus, an electrocatalyst
(Pt, -oCoq 5) Was obtained. A mean particle diameter of the
noble metal and mass activity of the catalyst 1n the electro-
catalyst obtained 1s shown 1n FIG. 11A.

EXAMPLE 7

Instead of the cobalt nitrate (Co(NO,),.6H,O) solution of
13.2 g with a cobalt nitrate concentration of 16% by mass,
a chromium nitrate (Cr(NO,),-9H,O) solution of 18.1 g with
a chromium nitrate concentration of 16% by mass was used.,
and thus the reversed micellar solution E was obtained.
Other than the above, an electrocatalyst (Pt, ,.Cr, <) was
obtained 1n a similar way to that of Example 2. A mean
particle diameter of the noble metal and mass activity of the
catalyst in the electrocatalyst obtained 1s shown in FIG. 11A.

EXAMPLE 8

Instead of the cobalt nitrate (Co(NO,),-6H,O) solution of
13.2 ¢ with a cobalt nitrate concentration of 16% by mass,
a manganese nitrate (Mn(NO,),-6H,0O) solution of 13.0 g
with a manganese nitrate concentration of 16% by mass was
used, and thus the reversed micellar solution E was obtained.
Other than the above, an operation was performed 1n a
similar way to that of Example 2, and an electrocatalyst
(Pt, -<Mn, ,-) was obtained. A mean particle diameter of the
noble metal and mass activity of the catalyst 1n the electro-
catalyst obtained 1s shown 1n FIG. 11A.

EXAMPLE 9

Instead of the cobalt nitrate (CO(NO,),-6H,O) solution of
13.2 g with a cobalt nitrate concentration of 16% by mass,
a ferric nitrate (Fe(NO;);.9H,0O) solution of 18.2 g with a
ferric nitrate concentration of 16% by mass was used, and
thus the reversed micellar solution E was obtained. Other
than the above, an operation was performed 1n a similar way
o that of Example 2, and an electrocatalyst (Pt,-<Fej <)
was obtained. A mean particle diameter of the noble metal
and mass activity of the catalyst in the electrocatalyst

obtained is shown in FIG. 11A.
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EXAMPLE 10

Instead of the cobalt nitrate (Co(NO,),-6H,O) solution of
13.2 ¢ with a cobalt nitrate concentration of 16% by mass,
a mickel nitrate (N1(O;),-6H,O) solution of 13.1 g with a

nickel nitrate concentration of 16% by mass was used, and
thus the reversed micellar solution E was obtained. Other
than the above, an operation was performed 1n a similar way
o that of Example 2, and an electrocatalyst (Pt, -Ni, ,-) was
obtained. A mean particle diameter of the noble metal and

mass activity of the catalyst 1n the electrocatalyst obtained 1s
shown i FIG. 11A.

EXAMPL.

11

(Ll

The reversed micellar solution A was prepared 1n the
following manner. As a surfactant, polyoxyethylene (5)
nonylphenyl ether of 44 g was used. To the surfactant,
cyclohexane was added to make up to 1.0 L (0.1 mol/L), and
was stirred. To a mixture thereotf, a dinitrodiammine plati-
num mitrate solution of 52.8 g with a Pt concentration of 8%
by mass was added, and was stirred for an hour until
becoming transparent. Thus, the reversed micellar solution A
was prepared.

The reversed micellar solution B was prepared in the
following manner. As a surfactant, polyoxyethylene (5)
nonylphenyl ether of 44 g was used. To the surfactant,
cyclohexane was added to make up to 1.0 L (0.1 mol/L), and
was stirred. To a mixture thereotf, a hydrazine solution of 15
ml with a concentration of 0.5% by mass was added, and
stirred for an hour. Thus, the reversed micellar solution B
was prepared.

Subsequently, to the reversed micellar solution A, the
reversed micellar solution B was mixed. Further, carbon
black (Ketjenblack EC made by Ketjenblack International
Corporation) of 12.7 g with a BET specific surface area of
805 m*/g was mixed thereto and stirred for an hour, and was
then stirred and matured for 24 hours.

Thereatter, centrifugal separation was performed for the
precipitate for six hours by use of the centrifugal machine
(CENTRIFUGEO3P-20B made by Hitachi, Ltd.). A precipi-
tate was filtered, followed by washing and rising using
cthanol and water. A solid material obtained was dried for 12
hours at 85° C. under decreased pressure, pulverized 1n a
mortar, and calcinated for five hours at 300° C. under an
argon atmosphere. Thus, an electrocatalyst was obtained.
Note that the reversed micellar solutions 1n this example
were added 1n the order shown m FIG. 3. A mean particle
diameter of the noble metal and mass activity of the catalyst
in the electrocatalyst obtained 1s shown 1 FIG. 11A.

EXAMPLE 12

In a similar way to that of Example 11, the reversed
micellar solution A and the reversed micellar solution B
were prepared.

The reversed micellar solution E was prepared in the
following manner. As a surfactant, polyoxyethylene (5)
nonylphenyl ether of 44 g was used. To the surfactant,
cyclohexane was added to make up to 1.0 L (0.1 mol/L), and
was stirred. To a mixture thereof, a cobalt nitrate (Co(NO,),-
6H,0) solution of 13.2 g with a cobalt nitrate concentration
of 16% by mass was added, and was stirred for an hour until
becoming transparent. Thus, the reversed micellar solution E
was obtained.

The reversed micellar solution I was prepared in the
following manner. As a surfactant, polyoxyethylene (5)




UsS 7,022,642 B2

17

nonylphenyl ether of 44 g was used. To the surfactant,
cyclohexane was added to make up to 1.0 L (0.1 mol/L), and
was stirred. To a mixture thereol, a tetramethylammonium
hydroxide solution of 13.2 g with a concentration of 5% by
mass was added, and stirred for an hour until becoming
transparent. Thus, the reversed micellar solution I was
prepared.

To the reversed micellar solution A, the reversed micellar
solution B was mixed and stirred for an hour. Further, carbon
black (Ketjenblack EC made by Ketjenblack International
Corporation) of 12.7 g with a BET specific surface area of
805 m*/g was mixed thereto and stirred for an hour, and was
then stirred and matured for 24 hours.

While agitating the mixed solution, the reversed micellar
solution E was added thereto and stirred for an hour. The
reversed micellar solution 1 was further added thereto and
stirred for an hour, and was then stirred and matured for 24
hours.

Thereafter, centrifugal separation was performed for the
precipitate for six hours by use of the centrifugal machine
(CENTRIFUGEO3SP-20B made by Hitachi, Ltd.). A precipi-
tate was filtered, followed by washing and rising using
cthanol and water. A solid material obtained was dried for 12
hours at 85° C. under decreased pressure, pulverized 1n a
mortar, and calcinated for two hours at 630° C. under an
argon atmosphere, and further calcinated for two hours at
580° C. Thus, an electrocatalyst (Pt, --Co, <) was obtained.
Note that the reversed micellar solutions 1n this example
were added 1n the order shown in FIG. 8. A mean particle
diameter of the noble metal and mass activity of the catalyst
in the electrocatalyst obtained 1s shown 1n FIG. 11A.

EXAMPL.

(L]

13

In a stmilar way to that of Example 12, the reversed
micellar solution A, the reversed micellar solution B and the
reversed micellar solution I were prepared. Further, instead
of the cobalt nitrate (Co(NO,),-6H,O) solution of 13.2 ¢
with a cobalt nitrate concentration of 16% by mass, a irnndium
chloride solution of 35.2 g with an iridium chloride concen-
tration of 4% by mass was used, and thus the reversed
micellar solution B was obtained.

To the reversed micellar solution E, the reversed micellar
solution I was mixed, and stirred for an hour. Thus, a
solution containing a complex compound of iridium hydrox-
1de 1n the reversed micelles was obtained. To this solution,
carbon black (Ketjenblack EC made by Ketjenblack Inter-
national Corporation) of 12.7 g with a BET specific surface
area of 805 m*/g was mixed, and stirred for an hour, and was
then stirred and matured for 24 hours.

While agitating the mixed solution, the reversed micellar
solution A was further added thereto and stirred for an hour,
and then the reversed micellar solution B was added thereto.
Thus, a solution containing platinum particles 1 the
reversed micelles was obtained. This solution was stirred for
an hour, followed by agitation and maturing for 24 hours.

Thereafter, centrifugal separation was performed for the
precipitate for six hours by use of the centrifugal machine
(CENTRIFUGEO3P-20B made by Hitachi, Ltd.). A precipi-
tate was filtered, followed by washing and rising using
cthanol and water. A solid material obtained was dried for 12
hours at 85° C. under decreased pressure, pulverized 1n a
mortar, calcinated for two hours at 630° C. under an argon
atmosphere, and further calcinated for two hours at 580° C.
Thus, an electrocatalyst (Pt, -<Ir, ,5) was obtained. Note that
the reversed micellar solutions 1n this example were added
in the order shown 1n FIG. 10. A mean particle diameter of

10

15

20

25

30

35

40

45

50

55

60

65

18

the noble metal and mass activity of the catalyst in the
clectrocatalyst obtained 1s shown 1n FIG. 11A.

EXAMPLE 14

Instead of the carbon black (Ketjenblack EC made by
Ketjenblack International Corporation) with a BET specific
surface area of 805 m*/g, Vulcan XC72 (made by Cabot
Corporation) with a BET specific surface area of 280 m*/g
was mixed. Other than the above, an operation was per-
formed 1n a similar way to that of Example 11, and thus an
clectrocatalyst was obtained. A mean particle diameter of the
noble metal and mass activity of the catalyst in the electro-
catalyst obtained 1s shown 1n FIG. 11A.

EXAMPLE 15

Instead of the carbon black (Ketjenblack EC made by
Ketjenblack International Corporation) with a BET specific
surface area of 805 m*/g, Acetylene Black (made by Cabot
Corporation) with a BET specific surface area of 120 m~/g
was mixed. Other than the above, an operation was per-
formed 1n a similar way to that of Example 11, and thus an
clectrocatalyst was obtained. A mean particle diameter of the
noble metal and mass activity of the catalyst in the electro-
catalyst obtained 1s shown 1n FIG. 11A.

EXAMPLE 16

Instead of the carbon black (Ketjenblack EC made by
Ketjenblack International Corporation) with a BET specific
surface area of 805 m*/g, Vulcite (made by Cabot Corpo-
ration) with a BET specific surface area of 180 m/g was
mixed. Other than the above, an operation was performed in
a similar way to that of Example 11, and thus an electrooata-
lyst was obtained. A mean particle diameter of the noble

metal and mass activity of the catalyst 1n the electrocatalyst
obtained 1s shown 1n FIG. 1A.

EXAMPLE

17

Instead of the carbon black (Ketjenblack EC made by
Ketjenblack International Corporation) with a BET specific
surface area of 805 m*/g, Furnace Black (Denka Black made
by Denki Kagaku Kogyo Kabushiki Kaisha) with a BET
specific surface area of 120 m*/g was mixed. Other than the
above, an operation was performed 1n a similar way to that
of Example 11, and thus an electrocatalyst was obtained. A
mean particle diameter of the noble metal and mass activity
of the catalyst 1n the electrocatalyst obtained 1s shown 1n

FIG. 11A.

EXAMPLE

18

Instead of the carbon black (Ketjenblack EC made by
Ketjenblack International Corporation) with a BET specific
surface area of 805 m*/g, graphitized Ketjenblack EC with
a BET specific surface area of 125 m*/g was mixed. Other
than the above, an operation was performed 1n a similar way
to that of Example 11, and thus an electrocatalyst was
obtained. A mean particle diameter of the noble metal and
mass activity of the catalyst 1n the electrocatalyst obtained 1s

shown in FIG. 11B.
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EXAMPL,

(L]

19

Instead of the carbon black (Ketjenblack EC made by
Ketjenblack International Corporation) with a BET specific
surface area of 805 m*/g, graphitized Ketjenblack EC600JD
with a BET specific surface area of 225 m*/g was mixed.
Other than the above, an operation was performed 1n a
similar way to that of Example 11, and thus an electrocata-
lyst was obtained. A mean particle diameter of the noble

metal and mass activity of the catalyst in the electrocatalyst
obtained 1s shown 1 FIG 11B.

EXAMPL.

L1l

20

Instead of the carbon black (Ketjenblack EC made by
Ketjenblack International Corporation) with a BET specific
surface area of 805 m?*/g, graphitized Vulcan XC72 with a
BET specific surface area of 90 m*/g was mixed. Other than
the above, an operation was performed 1n a similar way to
that of Example 11, and thus an electrocatalyst was obtained.
A mean particle diameter of the noble metal and mass
activity of the catalyst in the electrocatalyst obtained 1is

shown 1n FIG. 11B.

EXAMPL.

(L]

21

Instead of the carbon black (Ketjenblack EC made by
Ketjenblack International Corporation) with a BET specific
surface area of 805 m®/g, graphitized Acetylene Black with
a BET specific surface area of 85 m” nug was mixed. Other
than the above, an operation was performed 1n a similar way
to that of Example 11, and thus an electrocatalyst was
obtained. A mean particle diameter of the noble metal and
mass activity of the catalyst 1n the electrocatalyst obtained 1s

shown 1n FIG. 11B.

EXAMPL.

L1l

22

Instead of the carbon black (Ketjenblack BC made by
Ketjenblack International Corporation) with a BET specific
surface area of 805 m*/g, graphitized Furnace Black with a
BET specific surface area of 88 m*/g was mixed. Other than
the above, an operation was performed 1n a similar way to
that of Example 11, and thus an electrocatalyst was obtained.
A mean particle diameter of the noble metal and mass

activity of the catalyst in the electrocatalyst obtained 1is
shown 1n FIG. 11B.

EXAMPL.

L1l

23

Instead of the carbon black (Ketjenblack EC made by
Ketjenblack International Corporation) with a BET specific
surface area of 805 m*/g, graphitized Ketjenblack EC with
a BET specific surface area of 125 m®/g was mixed. Other
than the above, an operation was performed 1n a similar way
to that of Example 2, and thus an electrocatalyst was

obtained. Note that the graphitized Ketjenblack EC 1s one
tformed by graphitizing, at 2500-2800° C., the Ketjenblack
EC (made by Ketjenblack International Corporation) with a
BET specific surface area of 805 m*/g, and is carbon black
with a BET specific surface area of 125 m*/g. A mean
particle diameter of the noble metal and mass activity of the
catalyst in the electrocatalyst obtained 1s shown 1 FIG. 11B.
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EXAMPL,

(L]

24

In a stmilar way to those of Example 2, the reversed
micellar solution A, the reversed micellar solution B, the
reversed micellar solution E and the reversed micellar
solution I were prepared.

To the reversed micellar solution A, the reversed micellar
solution B was mixed, and stirred for an hour.

While agitating the mixed solution, the reversed micellar
solution E was added thereto and stirred for an hour, and
then the reversed micellar solution I was further added and
stirred for an hour. Thus, a solution containing platinum
particles and cobalt hydroxide 1n the reversed micelles was
obtained. Furthermore, the graphitized Ketjenblack EC was
mixed thereto and stirred for an hour, and was then stirred
and matured for 24 hours.

i

T'hereafter, centrifugal separation was performed for the
precipitate for six hours by use of the centrifugal machine
(CENTRIFUGEO3P-20B made by Hitachi, Ltd.). A precipi-
tate was filtered, followed by washing and rising using
cthanol and water. A solid material obtained was dried for 12
hours at 85° C. under decreased pressure, pulverized 1n a
mortar, calcinated for two hours at 630° C. under an argon
atmosphere, and further calcinated for two hours at 580° C.
Thus, an electrocatalyst (Pt, ,-Co, ,-) was obtained. Note
that the reversed micellar solutions 1n this example were
added 1n the order shown 1n FI1G. 8. A mean particle diameter
of the noble metal and mass activity of the catalyst in the
clectrocatalyst obtained 1s shown 1n FIG. 11B.

EXAMPL.

L1

25

In a similar way to those of Example 3, the reversed
micellar solution A, the reversed micellar solution B, the
reversed micellar solution E and the reversed micellar
solution I were prepared.

To the reversed micellar solution A, the reversed micellar
solution E was mixed, and stirred for an hour.

While agitating the mixed solution, the reversed micellar
solution I was added thereto and stirred for an hour, and then
the reversed micellar solution B was further added and
stirred for an hour. Thus, a solution containing platinum
particles and cobalt hydroxide 1n the reversed micelles was
obtained. Furthermore, the graphitized Ketjenblack EC was
mixed thereto and stirred for an hour, and was then stirred
and matured for 24 hours.

r

T'hereafter, centrifugal separation was performed for the
precipitate for six hours by use of the centrifugal machine
(CENTRIFUGEO5P-20B made by Hitachi, Ltd.). A precipi-
tate was filtered, followed by washing and rising using
cthanol and water. A solid material obtained was dried for 12
hours at 85° C. under decreased pressure, pulverized 1n a
mortar, calcinated for two hours at 630° C. under an argon
atmosphere, and further calcinated for two hours at 380° C.
Thus, an electrocatalyst (Pt, --Co, ,<) was obtained. Note
that the reversed micellar solutions 1n this example were
added 1n the order shown 1n FI1G. 9. A mean particle diameter
of the noble metal and mass activity of the catalyst in the
clectrocatalyst obtained 1s shown 1n FIG. 11B.

EXAMPL.

L1

26

In a stmilar way to those of Example 4, the reversed
micellar solution A, the reversed micellar solution B the
reversed micellar solution E and the reversed micellar
solution I were prepared.
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To the reversed micellar solution E, the reversed micellar
solution I was mixed, and stirred for an hour.

While agitating the mixed solution, the reversed micellar
solution A was added thereto and stirred for an hour, and
then the reversed micellar solution B was further added and
stirred for an hour. Thus, a solution containing platinum
particles and cobalt hydroxide in the reversed micelles was
obtained. Furthermore, the graphitized Ketjenblack EC was
mixed thereto and stirred for an hour, and was then stirred
and matured for 24 hours.

Thereafter, centrifugal separation was performed for the
precipitate for six hours by use of the centrifugal machine
(CENTRIFUGEO5P-20B made by Hitachi, Ltd.). A precipi-
tate was filtered, followed by washing and rising using
cthanol and water. A solid material obtained was dried for 12
hours at 85° C. under decreased pressure, pulverized 1n a
mortar, calcinated for two hours at 630° C. under an argon
atmosphere, and further calcinated for two hours at 580° C.
Thus, an electrocatalyst (Pt, -<Co, ,<) was obtained. Note
that the reversed micellar solutions 1n this example were
added 1 the order shown i FIG. 10. A mean particle
diameter of the noble metal and mass activity of the catalyst
in the electrocatalyst obtained 1s shown 1n FIG. 11B.

EXAMPL.

(L]

27

A cobalt nitrate (Co(NO,),-6H,O) solution of 13.2 g with
a cobalt nitrate concentration of 16% by mass was added,
and thus the reversed micellar solution E was obtained.
Other than the above, an operation was performed 1n a
similar way to that of Example 24, and an electrocatalyst
(Pt, -oCoq 5o) Was obtained. A mean particle diameter of the
noble metal and mass activity of the catalyst 1n the electro-
catalyst obtained 1s shown 1n FIG. 11B.

EXAMPL.

L1l

28

Instead of the cobalt nitrate (Co(NO,),-6H,O) solution of
13.2 g with a cobalt nitrate concentration of 16% by mass,
a chromium nitrate (Cr(NO,),-9HaO) solution of 18.1 g with
a chromium nitrate concentration of 16% by mass was used.,
and thus the reversed micellar solution E was obtained.
Other than the above, an operation was performed 1n a
similar way to that of Example 24, and thus an electrocata-
lyst (Pt --Cr, »<) was obtained. A mean particle diameter of
the noble metal and mass activity of the catalyst in the
clectrocatalyst obtained 1s shown 1n FIG. 11B.

EXAMPL.

L1l

29

Instead of the cobalt nitrate (Co(NO,),-6H,O) solution of
13.2 g with a cobalt nitrate concentration of 16% by mass,
a manganese nitrate (Mn(NO,),-6H,O) solution of 13.0 g
with a manganese nitrate concentration of 16% by mass was
used, and thus the reversed micellar solution E was obtained.
Other than the above, an operation was performed 1n a
similar way to that of Example 24, and thus an electrocata-
lyst (Pt, -<Mn, <) was obtained. A mean particle diameter
of the noble metal and mass activity of the catalyst in the
clectrocatalyst obtained 1s shown 1n FIG. 1B.

EXAMPL.

(Ll

30

Instead of the cobalt nitrate (Co(NO,),-6H,O) solution of
13.2 g with a cobalt nitrate concentration of 16% by mass,
a ferric nitrate (Fe(INO;);.9H,0O) solution of 18.2 g with a

ferric nitrate concentration of 16% by mass was used, and
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thus the reversed micellar solution E was obtained. Other
than the above, an operation was performed 1n a similar way
to that of Example 24, and thus an electrocatalyst
(Pt, - Fe, »<) was obtained. A mean particle diameter of the
noble metal and mass activity of the catalyst in the electro-
catalyst obtained 1s shown 1n FIG. 11B.

EXAMPL.

L1l

31

Instead of the cobalt nitrate (Co(NO,),-6H,O) solution of
13.2 g with a cobalt nitrate concentration of 16% by mass,
a nickel nitrate (N1(NO,),-6H,O) solution of 13.1 g with a
nickel nitrate concentration of 16% by mass was used, and
thus the reversed micellar solution E was obtained. Other
than the above, an operation was performed 1n a similar way
to that of Example 24, and thus an electrocatalyst
(Pt, -<Ni1, ,-) was obtained. A mean particle diameter of the

noble metal and mass activity of the catalyst 1n the electro-
catalyst obtained 1s shown 1n FIG. 11B.

EXAMPL.

L1

32

Instead of the carbon black (Ketjenblack EC made by
Ketjenblack International Corporation) with a BET specific
surface area of 805 m®/g, the graphitized carbon black
(graphitized Ketjenblack EC with a BET specific surface
area of 125 m®/g, which is formed by graphitizing the
Ketjenblack BC with a BET specific surface area of 805
m~/g, made by Ketjenblack International Corporation) was
used. Other than the above, an operation was performed in
a similar way to that of Example 13, and thus an electro-
catalyst (Pt, -Ir, ) was obtained. A mean particle diameter
of the noble metal and mass activity of the catalyst in the
clectrocatalyst obtained 1s shown 1n FIG. 11B.

COMPARAIITV.

L1

EXAMPLE 1

To a solution of chloroplatinic acid of 250 g, which
contained platinum of 0.4% by mass, carbon black (Vulcan
X(C-72 made by Cabot Corporatlon) of 1.0 g was added, and
sufliciently dispersed by using a homogenizer. To this liquid,
sodium citrate of 3 g was further added, heated up to 80° C.
by using a reflux reactor, and thus reduction loading of the
platinum were performed. Then, the precipitate was cooled
to room temperature, followed by filtering of the carbon on
which the platinum was loaded. Thus, an electrocatalyst
formed of the platinum-loaded carbon (loaded amount of Pt:
50% by mass) was obtained. A mean particle diameter of the
noble metal and mass activity of the catalyst 1n the electro-
catalyst obtained 1s shown 1n FIG. 11B.

COMPARAIITV.

L1

EXAMPLE 2

The platinum-loaded carbon (loaded amount of Pt: 50%
by mass) of 2.0 g, which was obtained in Comparative
example 1, was suiliciently dispersed in a cobalt nitrate
solution of 50 ml with a cobalt nitrate concentration of 1.0%
by mass. Then, moisture was evaporated from the solution
by heating stir, and thus loading of Co was performed.
Subsequently, the precipitate was held for four hours at 900°
C. 1n a flow of nitrogen containing H, of 5% to be subjected
to an alloying process, and an electrocatalyst (Pt; --Cog <)
was formed. A mean particle diameter of the noble metal and
mass activity of the catalyst 1n the electrocatalyst obtained 1s

shown in FIG. 11B.
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COMPARAITVE EXAMPLES 3 AND 4

T

Instead of the carbon black (Vulcan XC-72 made by
Cabot Corporation), carbon black (Ketjenblack EC600JD
made by Ketjenblack International Corporation) with a BET
specific surface area of 1270 m*/g was used. Other than the
above, operations were made 1n sumilar ways to those of
Comparative examples 1 and 2, and thus each electrocatalyst
was obtained. A mean particle diameter of the noble metal

and mass activity ol the catalyst in the electrocatalyst
obtained 1s shown 1n FIG. 11B.

COMPARAIITV.

T

EXAMPLES 5 AND 6

Instead of the carbon black (Vulcan XC-72 made by
Cabot Corporation), graphitized Ketjenblack EC with a BET
specific surface area of 125 m*/g was used. Other than the
above, operations were made in similar ways to those of
Comparative examples 1 and 2, and thus each electrocatalyst
was obtained. Results are shown in FIG. 11B.

(Performance Evaluation of Electrocatalyst)

For the electrocatalysts obtained in the respective
Examples 1 to 32 and Comparative examples 1 to 6,
membrane electrode assemblies (MEAs) were fabricated,
and single cells of the fuel cells were measured in perfor-
mance.

The MEAs were fabricated according to the following
procedure.

With regard to a cathode, to the electrocatalyst according,
to each of the examples and comparative examples, purified
water and 2-propanol were added, and an 1onomer solution
containing Nafion (registered trademark) was added so that
an amount of 1onomer content can be equal to weight of the
carbon. Then, a mixed solution was sufliciently dispersed by
a homogenizer, and further subjected to defoaming. Thus,
catalyst slurry was prepared. A predetermined amount of the
catalyst slurry was printed by a screen printing method on
one surface ol carbon paper (“TGP-H” made by Toray
Industries, Inc.) that 1s a gas diffusion layer, and was then
dried for 24 hours at 60° C. Thereafter, the surtace on which
the catalyst layer was coated was set to an electrolyte
membrane, and was hot-pressed for three minutes at 120° C.
with 0.2 MPa. In such a way, each MEA was fabricated.
Meanwhile, with regard to an anode, each MBA was fabri-
cated by using carbon which loads thereon platinum of 50%
as an electrocatalyst in a similar manner to that for the
cathode.

In these MEAs for both of the anode and the cathode,
usage amounts of platinum were set at 0.5 mg per apparent
electrode area of 1 cm?®, and an area of each electrode was

set at 300 cm”®. Moreover, as each electrolyte membrane,
Nafion 112 was used.

The single cell of the fuel cell, which was thus obtained,
was measured 1n performance according to the following
procedure. Note that, in the event of measurement, hydrogen
was supplied as fuel to the anode side, and the air was
supplied to the cathode side. Supply pressures for both of the
gases were set at the atmospheric pressure. The hydrogen
and the air were humidified so as to be saturated at 80° C.
and 60° C., respectively, and cell temperature was set at 80°
C. Utilizations of the hydrogen and air were set assumed at
70% and 40%, respectively. Under these conditions, I-V
(current density-cell voltage) characteristics were measured.
As results of the measurement, the mass activities of the
single cells using the electrocatalysts according to the
respective examples and comparative examples are shown in
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FIG. 11. Note that, in FIG. 11, the *“mass activity” 1s one of
indices 1ndicating the performance of the electrocatalyst 1n
the fuel cell, and 1n general, a current value per Pt of 1 g at
a cell voltage of 0.9V. It can be said that the performance of
the electrocatalyst 1s higher as a value of the mass activity
1s larger.

When comparison 1s made between the mass activity
value of the cell using the electrocatalyst of the present
invention and the mass activity value of the cell using the
conventional electrocatalyst, the mass activity of the elec-
trocatalyst of the present invention, which solely uses plati-
num as the noble metal (Example 1), 1s higher than that of
the conventional electrocatalyst solely using platinum as the
noble metal (Comparative example 1). In addition, even 1n
the case where the transition metal 1s contained in the
clectrocatalyst, the mass activity of the electrocatalyst of the
present invention 1s higher (refer to Example 2 and Com-
parative example 4). From these, it 1s understood that the
catalyst activity 1s improved to a great extent by loading the
metal thereon by use of the reversed micelle method.

The entire contents of Japanese Patent Applications No.
P2003-270469 with a filing date of Jul. 2, 2003 and No.
P2004-1519277 with a filing date of May 21, 2004 are herein
incorporated by reference.

Although the mvention has been described above by
reference to certain embodiments of the invention, the
invention 1s not limited to the embodiments described above
will occur to these skilled in the art, in light of the teachings.
The scope of the mvention 1s defined with reference to the
following claims.

What 1s claimed 1s:
1. A method of manufacturing an electrocatalyst, com-

prising:
preparing a reversed micellar solution containing an aque-
ous solution of a noble metal 10n:
reducing the noble metal 10n to a noble metal by adding
a reducing agent to the reversed micellar solution; and
adding a conductive support to the reversed micellar
solution,
wherein the reducing agent 1s added as a reversed micellar
solution containing an aqueous solution of the reducing,
agent.
2. A method of manufacturing an electrocatalyst accord-
ing to claim 1,
wherein, after preparing the reversed micellar solution,
the reducing agent 1s added thereto, and a conductive
support 1s then added thereto.
3. A method of manufacturing an electrocatalyst accord-
ing to claim 1,
wherein, after preparing the reversed micellar solution,
the conductive support 1s added thereto, and the reduc-
ing agent 1s then added thereto.
4. A method of manufacturing an electrocatalyst accord-
ing to claim 1,
wherein the noble metal comprises at least one noble
metal selected from the group consisting of platinum,
palladium, rhodium, osmium, ruthentum and iridium.
5. A method of manufacturing an electrocatalyst accord-
ing to claim 1,
wherein the conductive support comprises carbon par-
ticles with a BET specific surface area ranging from 80
to 2000 m*/g.
6. A method of manufacturing an electrocatalyst accord-
ing to claim 1,
turther comprising rinsing ofl an attachment on a surface
of the support with an alkaline solution.
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7. A method of manufacturing an electrocatalyst accord-
ing to claim 1, further comprising:
separating the conductive support which the noble metal
loaded thereon:;
rinsing and drying the conductive support filtered; and
calcinating the conductive support by drying at 600 to
1100° C. under an inert atmosphere, and further hold-
ing the conductive support at 400 to 600° C.
8. A method of manufacturing an electrocatalyst accord-
ing to claim 1,
wherein the aqueous solution contains 1ons of two or more
different noble metals.
9. A method of manufacturing an electrocatalyst, com-
prising;:
preparing a first reversed micellar solution containing an
aqueous solution of a noble metal 10n;
reducing the noble metal 10n to a noble metal by adding
a reducing agent to the first reversed micellar solution;
preparing a second reversed micellar solution containing
an aqueous solution of a transition metal 10n;
preparing a transition metal from the transition metal 10n
by adding a precipitant to the second reversed micellar
solution; and
loading a complex metal particle composed of the noble
metal and the transition metal on a conductive support.
10. A method of manufacturing an electrocatalyst accord-
ing to claim 9,
wherein, after adding the reducing agent to the first
reversed micellar solution, the second reversed micellar
solution 1s added thereto, and the precipitant 1s then
added thereto, so that the complex metal particles are
generated, and
the complex metal particles are loaded on the conductive
support by dispersing the conductive support mto a
solution containing the complex metal particles.
11. A method of manufacturing an electrocatalyst accord-
ing to claim 9,
wherein, after adding the second reversed micellar solu-
tion to the first reversed micellar solution, the reducing
agent 1s added, and the precipitant 1s then added, so that
the complex metal particles are generated, and
the complex metal particles are loaded on the conductive
support by dispersing the conductive support into a
solution containing the complex metal particles.
12. A method of manufacturing an electrocatalyst accord-
ing to claim 9,
wherein, after adding the second reversed micellar solu-
tion to the first reversed micellar solution, the precipi-
tant 1s added, and the reducing agent i1s then added, so
that the complex metal particles are generated, and
the complex metal particles are loaded on the conductive
support by dispersing the conductive support mto a
solution containing the complex metal particles.
13. A method of manufacturing an electrocatalyst accord-
ing to claim 9,
wherein, after adding the precipitant to the second
reversed micellar solution, the first reversed micellar
solution 1s added, and the reducing agent 1s then added,
so that the complex metal particle are generated, and
the complex metal particle are loaded on the conductive
support by dispersing the conductive support mto a
solution containing the complex metal particle.
14. A method of manufacturing an electrocatalyst accord-
ing to claim 9,
wherein, after adding the conductive support to the first
reversed micellar solution, and dispersing micelles
containing the aqueous solution of the noble metal 10n

10

15

20

25

30

35

40

45

50

55

60

65

26

onto a surface of the conductive support, the second
reversed micellar solution 1s added, the reducing agent
1s then added, and subsequently, the precipitant is
added.

15. A method of manufacturing an electrocatalyst accord-

ing to claim 9,

wherein, after adding the conductive support to the first
reversed micellar solution, and dispersing micelles
containing the aqueous solution of the noble metal 10n
onto a surface of the conductive support, the second
reversed micellar solution 1s added, the precipitant is
then added, and subsequently, the reducing agent 1s

added.

16. A method of manufacturing an electrocatalyst accord-
ing to claim 9,
wherein, after adding the conductive support to the first
reversed micellar solution, and dispersing micelles
containing the aqueous solution of the noble metal 10n
onto a surface of the conductive support, the reducing
agent 1s added, the second reversed micellar solution 1s
then added, and subsequently, the precipitant 1s added.

17. A method of manufacturing an electrocatalyst accord-
ing to claim 9,
wherein, after adding the conductive support to the sec-
ond reversed micellar solution, and dispersing micelles
containing the aqueous solution of the transition metal
ion onto a surface of the conductive support, the
precipitant 1s added, the first reversed micellar solution
1s then added, and subsequently, the reducing agent 1is

added.

18. A method of manufacturing an electrocatalyst accord-
ing to claim 9,
wherein the noble metal 1s at least one noble metal
selected from the group consisting of platinum, palla-
dium, rhodium, osmium, ruthenium and 1ridium.
19. A method of manufacturing an electrocatalyst accord-
ing to claim 9,
wherein the conductive support comprises carbon par-
ticles with a BET specific surface area of 80 to 2000
m~/g.
20. A method of manufacturing an electrocatalyst accord-
ing to claim 9,
wherein the transition metal comprises at least one tran-
sition metal selected from the group consisting of

vanadium, chromium, manganese, 1ron, cobalt, nickel,
copper and zinc.

21. A method of manufacturing an electrocatalyst accord-
ing to claim 9,
turther comprising rinsing oil an attachment on a surface
of the support with an alkaline solution.
22. A method of manufacturing an electrocatalyst accord-
ing to claim 9, further comprising:
separating the conductive support which the noble metal
loaded thereon;
rinsing and drying the conductive support filtered; and

calcinating the conductive support drying at 600 to 1100°
C. under an inert atmosphere, and further holding the
conductive support at 400 to 600° C.

23. A method of manufacturing an electrocatalyst accord-
ing to claim 9,
wherein the reducing agent 1s added as a reversed micellar
solution containing an aqueous solution of the reducing
agent, and
the precipitant 1s added as a reversed micellar solution
containing an aqueous solution of the precipitant.
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24. A method of manufacturing an electrocaralyst, com-
prising;:
preparing a reversed micellar solution containing an aque-
ous solution of a noble metal 10n;
reducing the noble metal 10on to a noble metal by adding
a reducing agent to the reversed micellar solution;
rinsing ofl an attachment on a surface of a conductive
support with an alkaline solution; and
adding the support to the reversed micellar solution.
25. A method of manufacturing an electrocatalyst accord-
ing to claim 24,
wherein, after preparing the reversed micellar solution,
the reducing agent 1s added thereto, and a conductive
support 1s then added thereto.
26. A method of manufacturing an electrocatalyst accord-
ing to claim 24,
wherein, after preparing the reversed micellar solution,
the conductive support 1s added thereto, and the reduc-
ing agent 1s then added thereto.
27. A method of manufacturing an electrocatalyst accord-
ing to claim 24, wherein the noble metal comprises at least
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one noble metal selected from the group consisting of
platinum, palladium, rhodium, osmium, ruthenium and 1ri-
dium.

28. A method of manufacturing an electrocatalyst accord-
ing to claim 24, wherein the conductive support comprises
carbon panicles with a BET specific surface area ranging
from 80 to 2000 m*/g.

29. A method of manufacturing an electrocatalyst accord-
ing to claim 24, further comprising:

separating the conductive support with the noble metal

loaded thereon:;

rinsing and drying the separated conductive support; and

calcinating the separated conductive support by drying at

600 to 1100° C. under an 1nert atmosphere, and further
holding the separated conductive support ax 400 to
600° C.

30. A method of manufacturing an electrocatalyst accord-
ing to claim 24, wherein the aqueous solution contains 10ns
of two or more different noble metals.
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